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DETAILED ACTION 
Comments 

1 . The objection to the abstract has been overcome by Applicant's amendment. 

2. In light of Applicant's arguments, the rejection of claims 2-4 under 35 U.S.C. 1 12, 
first paragraph has been withdrawn. 

3. The rejection of claims 1 -1 9 and 30 under 35 U.S.C. 112, second paragraph, has 
been overcome by Applicant's amendment. 

4. The rejection of claims 1, 2, 5-7, 13, and 14 under 35 U.S.C. 102(e) over Liu et 
al. has been overcome by Applicant's amendment specifying the location where the 
formation of the passivation layer takes place. Likewise, the rejection of claims 15-19 
under 35 U.S.C. 103 over Liu et al. as the primary reference has been overcome. 

5. The rejection of claims 1-7, 13, 20, and 21 under 35 U.S.C. 102(e) over Hymes 
have been overcome by applicant's amendment specifying the location where the 
formation of the passivation layer takes place. 



Claim Rejections - 35 USC §112 

6. The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the 
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall 
set forth the best mode contemplated by the inventor of carrying out his invention. 

7. Claims 31 and 32 are rejected under 35 U.S.C. 1 12, first paragraph, as failing to 
comply with the written description requirement. The claim(s) contains subject matter 
which was not described in the specification in such a way as to reasonably convey to 
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one skilled in the relevant art that the inventor(s), at the time the application was filed, 
had possession of the claimed invention. 

While the original disclosure provided a method for performing the process 
claimed in claim 1, the specification does not disclose a machine accessible media 
having instructions for performing a similar process. Therefore, the claims to a machine 
accessible media constitute new matter. 

8. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

9. Claims 20-27 are rejected under 35 U.S.C. 1 12, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. 

Claim 20 recites the limitation "a plating method selected from the group of 
electrolytic plating and electroless plating" in lines 2-3. This limitation is indefinite 
because the relationship between a step of electroless plating and an electroplating tool 
recited in claim 13, from which claim 20 depends. Since there are no other steps of 
electroplating, the purpose of the electroplating tool is unclear. While Applicant may be 
his own lexicographer, the term "electroplating" has a very specific meaning in the art, 
and that meaning does not include electroless plating. Therefore, Applicant should 
amend the claim so that the recited steps are consistent with the tools being used. The 
same applies to dependent claim 21 . 
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Claim 22 recites the limitation "a plating process selected from the group 
consisting of electrolytic plating and electroless plating" in lines 8-9. As explained 
above, this limitation is indefinite because the relationship between the electroplating 
too! recited in line 2 and the process of electroless plating is unclear. The same applies 
to dependent claims 23-27. 

Claim Rejections - 35 USC § 102 

1 0. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 1 02 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(e) the invention was described in (1 ) an application for patent, published under section 1 22(b), by 
another filed in the United States before the invention by the applicant for patent or (2) a patent 
granted on an application for patent by another filed in the United States before the invention by the 
applicant for patent, except that an international application filed under the treaty defined in section 
351(a) shall have the effects for purposes of this subsection of an application filed in the United States 
only if the international application designated the United States and was published under Article 21(2) 
of such treaty in the English language. 

1 1 . Claims 1 , 2, 5-7, and 1 3 are rejected under 35 U.S.C. 1 02(e) as being anticipated 
by Rozbicki et al. (U.S. Pat. No. 6,554,914). 

Regarding claim 1, Rozbicki et al. disclose a method comprising the steps of 
providing a substrate in a processing tool, forming a barrier layer on the substrate, 
forming a metal seed layer over the barrier layer, and forming a passivation layer over 
the seed layer (col. 5, line 32 to col. 6, line 3; col. 6, lines 42-52). 

Regarding claim 2, the passivation layer is formed in a gas environment selected 
from hydrogen gas, and can also be performed in a nitrogen, fluorine, chlorine, silane, 
or germanium environment (col. 6, lines 42-52; col. 7, lines 34-45). 
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Regarding claim 5, tlie seed layer Is formed of copper (col. 5, lines 53-55). 

Regarding claim 6, the barrier layer can be made of tantalum (col. 5, lines 50-53). 

Regarding claim 7, the processing tool is a metal-barrier deposition tool (col. 5, 
line 32 to col. 6, line 35). 

Regarding claim 13, the process involves providing the substrate structure with 
the barrier layer, seed layer, and passivation layer into a contamination removal 
chamber where the nitrogen passivation layer is removed by heating and outgassing 
(col. 8, lines 12-29). 

Since Rozbicki et al. teach all of the limitations recited in the instant claims, the 
reference is deemed to be anticipatory. 

12. Claims 22, 28, and 30 are rejected under 35 U.S.C. 102(e) as being anticipated 
by Liu et al. (U.S. Pat. No. 6,395,642). 

Regarding claim 22, Liu et al. teach a method comprising the steps of providing 
the substrate having barrier layer 120, a seed layer 130, and a passivation layer 140 in 
an electrochemical deposition tool and annealing the substrate in a forming gas to 
reduce the passivation layer, followed by electrochemically depositing copper 149 in 
trenches and vias of the substrate (col. 6, lines 21-38). The limitation "wherein the 
metal seed layer and the passivation layer formed substantially sequentially within a 
same processing tool" does not limit the method steps recited in the claim. The method 
requires "providing a substrate" that has a trench, a via, a barrier layer, a seed layer, 
and a passivation layer. As stated in the claim, the method by which the substrate is 



Application/Control Number: 09/929,213 Page ( 

Art Unit: 1753 

made is not a positive step of the process and does not limit the step of providing the 
substrate. 

Regarding claim 28, the method of Liu et al. inherently requires a system 
comprising a contamination removal chamber for the plasma cleaning to reduce the 
passivation layer 140 In situ with the electrochemical deposition of the copper 149 (col. 
6, lines 21-38). 

Claim 30 recite process claims that do not further limit the structure of the system 
recited in claim 28. 

Since Liu et al. teach all of the limitations recited in the instant claims, the 
reference Is deemed to be anticipatory. 



Claim Rejections - 35 USC § 103 

13. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prfor art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains 
Patentability shall not be negatived by the manner in which the invention was made. 

14. Claims 3, 4, and 8-12 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Rozblcki et al. (U.S. Pat. No. 6,554,914), as applied above to claims 1,2, 5-7, and 
13, and further in view of Applicant's admissions of prior art. 

Rozblcki et al. disclose a method having the limitations recited in claims 1,2, 5-7, 
and 13, as explained above in section 1 1 . In addition, Rozblcki et al. disclose that the 
passivating agent may be provided as a gas or in other forms (col. 7, lines 34-38). 
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The method of Rozbicki et al. differs from the instant invention because Rozbicki 
et al. do not disclose the following: 

a. The passivation is performed using a liquid selected from the group 
consisting of acids, bases, solvents, and de-ionized water, as recited in 
claim 3. 

b. The passivation layer is formed using an oxygen gas environment, as 
recited in claim 4. 

c. Forming the passivation layer comprises filling the chamber of the 
processing tool with a gas for a first period of time and cooling the 
substrate at a specified temperature for a second period of time, as recited 
in claim 8. 

d. The first specified period of time is in a range of approximately 1 5-25 
seconds, as recited in claim 9. 

e. The second specified period of time is in a range of approximately 5-1 5 
seconds, as recited in claim 10. 

f. The specified temperature is about 1 5-20°C, as recited in claim 1 1 . 

g. The gas comprises oxygen gas at a pressure of up to 2 Torr, as recited in 
claim 12. 

Applicant states that passivation by exposure liquid media such as acids, bases, 
solvents, and de-ionized water and to gases such as argon, helium, oxygen, hydrogen, 
nitrogen, etc., "at a range of temperatures and concentrations" is known in the art (see 
par. [0027] of the specification and page 1 1 of Applicant's response, where Applicant 
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states, "It is well known by those skilled in the are that many gases such as inert gases 
(e.g., argon, etc), hydrogen, fluorine containing gases forming gases, nitrogen gas, as 
well as liquids including acids, bases solvents and de-ionized water may passivate a 
surface by physical and/or chemical means."). 

Therefore, it would have been obvious to one having ordinary skill in the art at 
the time the invention was made to have modified the formation of the passivation layer 
of Rozbicki et al. to use other gases, including oxygen, or liquids because Applicant 
teaches that such methods are well-known in the art. Since these well-known methods 
equivalently passivate the seed layer, the substitution of well-known equivalents for the 
same person is deemed to be an obvious modification. Applicant also admits that the 
temperature and concentration for forming the passivation layer are well known. 
Therefore, it would have been obvious to one having ordinary skill in the art at the time 
the invention was made to have modified the step of forming the passivation layer to 
use such well-known temperatures and concentrations, as well as the time of exposure 
and pressure of the gas, because these variables are dependent on temperature and 
concentration. 

1 5. Claims 1 4, 20, and 21 are rejected under 35 U.S.C. 1 03(a) as being 
unpatentable over Rozbicki et al. (U.S. Pat. No. 6,554,914), as applied above to claims 
1, 2, 5-7, and 13, and further in view of Liu et al. (U.S. Pat. No. 6,395,642). 

Rozbicki et al. disclose a method having the limitations recited in claims 1, 2, 5-7, 
and 13, as explained above in section 11. 
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Regarding claim 14, Rozbicki et al. teach the removal of oxide using a reducing 
plasma such as hydrogen (col. 7, line 66 to col. 8, line 1). 

Regarding claims 20 and 21, copper is deposited in trenches and vias of the 
substrate using an electroplating method (col. 1, lines 1-38; col. 8, lines 8-11). 

The method of Rozbicki et al. differs from the instant invention because Rozbicki 
et al. do not disclose a step of annealing the substrate structure in forming gas to 
remove the passivation layer, as recited in claim 14. 

Liu et al. disclose a method comprising the steps of forming a barrier layer on a 
substrate, forming a seed layer on the barrier layer, and forming a passivation layer on 
the seed layer (col. 5, line 60-col. 6, line 1 1 ). The passivation comprises an oxide layer, 
which is annealed by reduction in a forming gas (col. 6, lines 21-38). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified hydrogen plasma used to remove oxide in the 
method of Rozbicki et al. to use a forming gas a taught by Liu et al. because Liu et al. 
teaches that forming gas is a suitable material for the removal of oxide from a seed 
layer prior to electroplating. 

1 6. Claims 1 5, 1 7, and 1 9 are rejected under 35 U.S.C. 1 03(a) as being 
unpatentable over Rozbicki et al. (U.S. Pat. No. 6,554,914) in view of Liu et al. (U.S. 
Pat. No. 6,395,642) , as applied above to claims 14, 20, and 21, and further in view of 
Nogami et al. (U.S. Pat. No. 6,242,349). 
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Rozbicki et al. and Liu et al. describe a method liaving the limitations recited in 
claims 14, 20, and 21 of the instant application, as explained above in section 15. 

The method described by Rozbicki et al. and Liu et al. differs from the instant 
invention because they do not disclose the following: 

a. Flowing forming gas for a specified period of time at a seed anneal 
temperature of about 250°C, as recited in claim 15. 

b. The specified period of time is about 30 seconds, as recited in claim 17. 

c. The forming gas comprises about 95% nitrogen and 5% hydrogen, as 
recited in claim 19. 

Regarding claims 15, 17, and 19, the anneal temperature, anneal time, and gas 
composition are all result effective variables because they depend on the properties of 
the object being annealed, such as the composition and the thickness, as well as the 
desired outcome of the annealing process, such as removal of contamination, which is 
the apparent objective of the instant invention, or formation of a preferred crystal 
structure. For example, Nogami et al. teach the annealing of a copper seed layer prior 
to the deposition of a bulk copper layer using a forming gas environment of hydrogen, 
nitrogen, and argon (hydrogen is the reducing species), wherein the annealing takes 
place at a temperature between lOOX and 40G°C for a time of about 30 seconds to 
about 30 minutes (col. 5, lines 12-20). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the method described by Rozbicki et al. and Liu et 



Application/Control Number: 09/929,213 Page 1 1 

Art Unit: 1753 

al. to use the claimed operating parameters as taught by Nogami et al. to control each 
of the variables to be optimized for the conditions of the substrate being treated. 

1 7. Claims 1 6 and 1 8 are rejected under 35 U.S.C. 1 03(a) as being unpatentable 
over Rozbicki et al. (U.S. Pat. No. 6,554,914) in view of Liu et al. (U.S. Pat. No. 
6,395,642) and Nogami et al. (U.S. Pat. No. 6,242,349), as applied above to claims 15, 
17, and 19, and further in view of Achuthan et al. (U.S. Pat. No. 6,498,397). 

Rozbicki et al., Liu et a!., and Nogami et al. describe a method and system 
having the limitations recited in claims 15, 17, and 19 of the instant invention, as 
explained above in section 16. 

The method described by Rozbicki et a!., Liu et al., and Nogami et al. differs from 
the instant invention because they do not teach the following: 

a. Cooling the annealed substrate in forming gas for a specified period of 
time at a temperature of 15-20X, as recited in claim 16. 

b. The specified period of time is about 25 seconds, as recited in claim 1 8. 
Regarding claims 16 and 18, Achuthan et al. teach a method of annealing a 

copper seed layer prior to the deposition of copper, wherein the annealing is carried out 
at temperatures up to 400°C and is following by rapid cooling at a rate of more than rc 
per second to form a roughened seed surface to improve the adhesion between the 
seed layer and the bulk copper layer (col. 5, lines 39-49). The exact temperature and 
time at which the cooling occurs is a result effective variable that depends on the 
properties of the substrate being treated. 
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It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the method described by Rozbicki et al., Liu et al., 
and Nogami et al. to use a step of rapid cooling as taught by Achuthan et al. because 
rapid cooling provides greater adhesion between the seed layer and the bulk copper 
layer. The exact operating conditions, such as time and temperature, would be obvious 
to one skilled in the art because the operating conditions are dependant upon the 
properties of the substrate being treated. 



1 8. Claims 23 and 29 are rejected under 35 U.S.C. 1 03(a) as being unpatentable 
over Liu et al. (U.S. Pat. No. 6,395,642), as applied above to claims 22, 28, and 30, and 
in view of Nogami et al. (U.S. Pat. No. 6,242,349) and Cohen (U.S. Pat. No. 6,027,630). 

Liu et al. teaches a method and system having the limitations recited in claims 
22, 28, and 30 of the instant invention, as explained above in section 12. 

The method of Liu et al. differs from the instant invention because Liu et al. do 
not teach the following: 

a. Annealing and depositing a conductive material under vacuum conditions, 
as recited in claims 23 and 29. (Although claim 29 is an apparatus claim 
reciting process limitations, the apparatus must be capable of operating 
under vacuum conditions, which imparts some structural properties to the 
apparatus.) 

Nogami et al. teach the annealing of a seed layer before deposition of bulk 
copper, wherein the annealing is performed under vacuum conditions (col. 5, lines 12- 
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20). Cohen teaches that electroplating under vacuum conditions degases the 
electroplating solution and avoids pitting of the electroplated layer (col. 15, lines 24-53; 
col. 17, lines 13-15). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the method and system of Liu et al. to anneal and 
deposit under vacuum conditions as taught by Nogami et al. and Cohen because 
annealing and depositing under vacuum conditions increases the uniformity of the 
layers. 

19. Claims 24 and 26 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Liu et al. (U.S. Pat. No. 6,395,642), as applied above to claims 1,2, 5-7, 13, 14, 
20-22, 28, and 30, and in view of Nogami et al. (U.S. Pat. No. 6,242,349). 

Liu et al. teaches a method and system having the limitations recited in claims 
22, 28, and 30 of the instant invention, as explained above in section 12. 

The method of Liu et al. differs from the instant invention because Liu et al. do 
not teach the following: 

a. Flowing forming gas for a specified period of time at a seed anneal 
temperature of about 250^, as recited in claim 24. 

b. The specified period of time is about 30 seconds, as recited in claim 26. 

c. The forming gas comprises about 95% nitrogen and 5% hydrogen, as 
recited in claim 19. 
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Regarding claims 15, 17, 19, 24, and 26, the anneal temperature, anneal time, 
and gas composition are all result effective variables because they depend on the 
properties of the object being annealed, such as the composition and the thickness, as 
well as the desired outcome of the annealing process, such as removal of 
contamination, which is the apparent objective of the instant invention, or formation of a 
preferred crystal structure. For example, Nogami et al. teach the annealing of a copper 
seed layer prior to the deposition of a bulk copper layer using a forming gas 
environment of hydrogen, nitrogen, and argon (hydrogen is the reducing species), 
wherein the annealing takes place at a temperature between 100°C and 400°C for a 
time of about 30 seconds to about 30 minutes (col. 5, lines 12-20). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the method of Liu et al. to use the claimed 
operating parameters as taught by Nogami et al. to control each of the variables to be 
optimized for the conditions of the substrate being treated. 

20. Claims 25 and 27 are rejected under 35 U.S.C. 1 03(a) as being unpatentable 
over Liu et al. (U.S. Pat. No. 6,395,642), as applied above to claims 22, 28, and 30, and 
in view of Achuthan et al. (U.S. Pat. No. 6,498,397). 

Liu et al. teaches a method and system having the limitations recited in claims 
22, 28, and 30 of the instant invention, as explained above in section 12. 

The method of Liu et al. differs from the instant invention because Liu et al. do 
not teach the following: 



Application/Control Number: 09/929,213 Page 1! 

Art Unit: 1753 

a. Cooling the annealed substrate in forming gas for a specified period of 
time at a temperature of 15-20°C, as recited in claim 25. 

b. The specified period of time is about 25 seconds, as recited in claim 27. 
Regarding claims 25 and 27, Achuthan et al. teach a method of annealing a 

copper seed layer prior to the deposition of copper, wherein the annealing is carried out 
at temperatures up to 400°C and is following by rapid cooling at a rate of more than 1 "C 
per second to form a roughened seed surface to improve the adhesion between the 
seed layer and the bulk copper layer (col. 5, lines 39-49). The exact temperature and 
time at which the cooling occurs is a result effective variable that depends on the 
properties of the substrate being treated. 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was nnade to have modified the method of Liu et al. to use a step of rapid 
cooling as taught by Achuthan et al. because rapid cooling provides greater adhesion 
between the seed layer and the bulk copper layer. The exact operating conditions, such 
as time and temperature, would be obvious to one skilled in the art because the 
operating conditions are dependant upon the properties of the substrate being treated. 

21 . Claims 31 and 32 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Rozbicki et al. (U.S. Pat. No. 6,554,914). 

Regarding claim 31, Rozbicki et al. disclose a method comprising the steps of 
providing a substrate in a processing tool, forming a barrier layer on the substrate. 
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forming a metal seed layer over the barrier layer, and forming a passivation layer over 
the seed layer (col. 5, line 32 to col. 6, line 3; col. 6, lines 42-52). 

Regarding claim 32, the passivation layer is formed in a gas environment 
selected from hydrogen gas, and can also be performed in a nitrogen, fluorine, chlorine, 
silane, or germanium environment (col. 6, lines 42-52; col. 7, lines 34-45). 

The invention of Rozbicki et al. differs from the instant invention because 
Rozbicki et al. do not disclose that the method may be provided on a machine 
accessible media. 

Such devices as are used by Rozbicki et al., i.e., the INOVA PVD apparatus, are 
typically computer controlled. Regardless, automating a manual process is deemed to 
be an obvious modification to a known process (see MPEP 2144.04). Therefore, it 
would have been obvious to one having ordinary skill in the art at the time the invention 
was made to have modified the method disclosed by Rozbicki et al. to provide the 
method in a machine accessible format because the automation of a known process is 
considered obvious to one skilled in the art. 



Response to Arguments 

22. Applicant's arguments with respect to claims 1-21 have been considered but are 
moot in view of the new ground(s) of rejection. 

23. Applicant's arguments with respect to claims 22-30, filed August 5, 2004, have 
been fully considered but they are not persuasive. 
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24. Applicant argues that the step of forming a passivation layer over the metal seed 
layer while in the processing tool distinguishes claims 22 and 28 over the prior art of 
record. 

25. As indicated above, the step of forming a passivation layer over the metal seed 
layer while in the processing tool does not further limit the method of claim 22 or the 
system of claim 28. In claim 22, the method recites "providing a substrate" and defines 
features that the substrate must have, e.g., a barrier layer, a seed layer, etc. However, 
the limitation that "the metal seed layer and the passivation layer are formed 
substantially sequentially within a same within a same processing tool" does not 
positively limit the step of providing a substrate. There is no relationship between how 
or where the metal seed layer and passivation layer are formed and the process recited 
in claim 22. 

26. Similarly, in claim 28, the limitation "wherein the metal seed layer and the 
passivation layer are formed substantially sequentially within a same within a same 
processing tool" does not further limit the system. This limitation is a product-by- 
process limitation that does not affect the system being claimed. Therefore, while the 
limitation has been considered, the limitation is not deemed to further limit the claims. 

Conclusion 

27. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Brian L. Mutschler whose telephone number is (571) 
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272-1341 . The examiner can normally be reached on Monday-Friday from 7:30am to 
4:00pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nam Nguyen can be reached on (571 ) 272-1342. The fax phone number 
for the organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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